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The advantages and disadvantages of incorporating tone telegraph transmissien in the TDS

speech secrecy equipment were investigated. Estimates were made of the degree of privacy
afforded to telegraph signals applied to the TIsS systems, and of the impairment of trans-

mission caused by the TDS equipment. The relviive privacy of scrambled telegraph signals as
compared with scrambled speech signals was investigated. It was found that scrambled manuzl
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for telegraph is not critically dependent on rates of hand sending and lengths of TDS time elements.
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C~55 TELEGRAPHY APPLIED TO
TDS SPEECH SECRECY SYSTELL
FINAL REPORT -~ OCTOBER 31, 1942

SUMMARY

This project was undertaken tc determine the advan-

tages and disadvantages (if any) of incorporating means for
tone telegraphy in connection with TDS speech secrecy eguipment.

(1)

Questions of special interest were:

Is TDS privacy less for telegraph than for speech?
That is, will the use of telegraph through TDS tend
to expose the code and thus reduce the privacy for
subsequent telephone use?

Is TDS privacy for telegraph critically derpendent on
rates of hand sending and lengths of TDS time
elenents?

What impairment to telegraph transmission is caused
by TDS?

Is it feasible to apply nachine telegraph sending to
TDS systems?

The results of the tests indicate that:

Scrambled hand-sent telegraph signals require at
least as much tine to decode as scrambled speech;
there is therefore no reason to believe that the
application of manual tone telegraph to TDS will
jeopardize its value for speech.

The privacy of TDS for telegraph is not critically
dependent on rates of hand sending and lengths R
of TDS time elements.

The linits of telegraph transmission are reached
with about 5 db less thernal (random) noise with
the TDS than without; this means that the range

is reduced unless the signal strength is increased,
The impairment is less for short than for long TDS
time elenents. '

liachine telegraph, both Boehrie and teletypewriter,
give generally legible, though not letser<perfect,
results with single tone transmission, if care is
used. Better results, though still not pertect,
nnay be obtained with two-tone transmission.

e, - e
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C-55 TELEGRAPHY APPLIED TO TDS SPEECH SECRECY SYSTEIL

FINAL REPORT -~ OCTOBER 31, 1942

l. General Objectives

Project C-55 was undertaken to deternine the advantages
and disadvantages (if any) of incorporating means for tone tele~-
| graphy in connection with TDS speech secrecy equipnment. Esti~
| mates were desired of the degree of privacy afforded to telegraph

signals applied to TDS systems, and of the inmpairrment of trans—

riission caused by the TDS equipment. Probably the most important

! point was a determination of the relative privacy of scrambled

i telegraph signeals as compared with scrambled speech signals. In

| addition, questions were raised as to the dependence of privacy
on the rates of telegraph sending and on the length of the funda-
mental TDS time elements. It was desired alsc to investigate the
effect that rates of sending and different TDS time elements night
have on the quality of telegraph transmission, and to obtain in-
forration on the feasibility of applying machine telegraph to TDS
systens.

2. Discussion of Results

The conclusions stated in the swamary will be discussed
in this section, under subheads covering the four principal ques-
tions. The specific tests and detailed data will be described in

the succeeding sections.
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2.1 TRelative Privacy of Telegraph and Speech

In accordance with a request from the Signal Corps, ar-
rangenents for tone telegraph transmission were included in the
TDS equipment which has recently been developed for the Arny and
the Navy. At the same time the question was raised as to whether
the use of telegraph night not jeopardize the privacy of the
device for speech. This was based on the idea that the TDS code
might be recovered more quickly fromn scrambled telegraph signals
than from scrambled speech signals. It was important to answer
this question in order to determine whether restrictions would be
needed on the use of telegraph.

The tests on that point, using the developiient nodels
of TDS, have returned a negative answer. In fact the data, if
taken literally, indicate a slightly greater privacy for telegraph
than for speech. The differences in the average solving tinmes
are so small as to be negligible, however; The solving tines
both for telegraph and speech vary from sample to sample, so that
some telegraph samples were solved more quickly than some speech
sanples, but the opposite was likewise true, and the range of
variation was about the same for telegraph and speech.

However, there is a difference of another nature which
is inherent., The two main steps in the restoration of scrambled
speech are, first, that the code be found and, second, that the
scrambled speech be reproduced through TDS equipment arranged for
the unscranbling code. These steps also can be used for un-

scrambling telegraph, and if used there is no difference in the
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degree of privacy for speeci and telegraph, since the times taken

to ascertain the codes were the same., But another method might

also be used for telegraph. If an oscillogram or a paper trace

were made of the entire scrambled message, then solution of the

code would supply the formula according to which the trace should

be cut up and reassembled, If this were done for speech, the

result would still be unreadable without fairly elaborate equip-~-

ment; but a reassembled telegraph trace could be read by visual

inspection of the dots and dashes,
As & practical matter this difference appears to be of

little importance, as the following calculation indicates:
At 25 words per minute, a 100 word message takes 4

rninutes, or 240 seconds. At 0.75 seconds per TDS cycle,

this would cover 4/3 x 240 = 320 TDS cycles, or supply 20

X 320 = 6,400 TDS elements for manipulation., If the trace

were run so as to allow a quarter of an inch to each ele-

ment, or 48 elements to the foot, which would be exiremcly

= 185 feet

compressed, the trace would need to be 6400/48

long. Even with practice and concentration probably at
least a riinute would be needed to reassemble each cycle,
what with the nanual labor of cutting and pasting, or 320
minutes; that is, it would take about 5 hours for one
person to 7recover a 4 ninute nessage. Additional people

or supplementary equipment would, of course, reduce this

tine.
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Thus, while the sense of the ielegraph nessage call be recovered
with less elaborate eéuipment than is needed for speech, the
amount of clerical work involved would constitute a protection
lasting longer than the privacy time which should normally be as-
sociated with a fixed code TDS systeil.

2.2 Dependence of Privacy on TDS Tine Elenents and Rates
of Hand-Sending

That the privacy of telegraph signals applied to TDS

might be dependent on the TDS tine elenents is suggested by the
fact that if TDE eleuments are very long or are very short the
signals will not be scrambled and therefore not be private, For
example, 1if & time element were 5 ninutes long any nessage shorter U
than this would not be scrambled, At the other extreme, if the
time element were 1 millisecond long then the scrambling which ¥
would teke place would be internal within the dots and dashes and \
while the sighal night be made somewhat coarse 1ts essential
characteristics would not be changed. Since we know that for
time elements in between these extremes the signal is scrambled,
it is evident that the length of the TDS time element has & bear~
ing on privacy. A curve of privacy plotted against TDS tine
elenents would reach zero at the extreme times mentioned above
and would pass through a naximum at some point between, The ob-

ject of the tests in the present project was to find whether this

maxirnum occurred in the range of practical TDS time elements and

whether it was critically affected by the TDS time elenents.

— EATE Uee

To investigate this matter, a laboratory model was

used with TDS elements of 22 milliseconds, 33 nilliseconds and
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, 48 milliseconds. An element of 48 nilliseconds is about as long

as would be useful in a practical device, since with enocugh TDS

elements to permit a sufficiently nixed up code an elenient length

greater than 48 milliseconds would give too great an overall delay
, to the system. The 30 milliseconds element is aprroximately the
same as the element used in the developrient models for the Army
and the Navy (37.5 milliseconds). The 22 nilliseconds elenent is
probably shorter than could be considered in a wnractical device
when the requirenents of synchronism are kept in nind.

Tt happens that this range of TDS time elements lies in

the range covered by the duration of telegraph dots as used prac~
tically. A cormon Tfundamental assunption covering the tiune rela-
tions in telegraphy is that for hand sending at 25 words a minute
‘ there is a maxinum of approximately 10 dot-cycles per seccnd, so
that a unit space has a duration of 50 milliseconds. It may be

‘ recalled also that a dot is one unit space long, a dash is 3 unit
spaces, that dots and dashes within a letter are separated by one
unit space, that the interval between letters is 3 unit spaces
and fhat the interval between words is 6 unit spaces, With a
relatively unskilled sender, using a rate cf 12 words a ninute,
the duration of the unit space is about 100 nmilliseconds; with
rapid hand sending the duration of the unit space may be as short
as 30 milliseconds, Witin bhaad sending there are, of course, wide
individual variations from the prescribed time relations, With
machine sending the unit spaces are consicderably shorter. Using

the Bcehne equipment, which sends the coutineatal llorse code

mechanically, rates fromn 60 words a minute, with a corresponding

PSS b r————. - - apn . e "~ 5 . - .
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duration of unit space of 20 milliseconds, up to several hundred
words per minute, are not uncommon., Teletypewriter, which is
based on a different type of code, coumonly is operated at a rate
of 60 words per ninute, and & unit marking space is noninally 22
milliseconds long. It will be seen that with the TDS time elements
mentioned ahove all dashes and nearly all dots from hand-sending
will be chopped up by the TDS equipnent.

The test results indicated that privacy of hand-sending
was not importantly affected by the length of the TDS time elements
in the range studied. With the 33 and 48 rnillisecond TDS elements
there was no significant difference in the times required to as-
certain the code from records of the scrambled telegraph signals.
With the 22 millisecond TDS element slightly more time was re-
quired, but it is believed that this tiwe difference was not funda-
nentally related to the TDS interval, It was more probably a re-~

sult of the somewhat inconvenient sizes of oscillographic recoards
which had to be studied. Ry modifying the equipment this incon-
venlence could be overcome. There appears, therefore, to be no
basis in these tests for recommending a change in the time element
of the TDS to be used by the Arnmy and the Navy,

Tests made to study the effect on privacy of different
rates of hand sending gave results which provide no reason for mak-
ing a specific recomendation as to a preferred speed. The aver-
age rates used in these tests were abcut 15, 20 and 25 words a
minute. The results indicated some slightly greater difficulty in
ascertaining the scrambled code with the slow sending than with

the medium and fast sending but the differences are not believed

to be of practical inportance.
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2.3 Quality of lManual Telegraph Transmission

The process of chopping up telegraph signals in tine,
then scrambling these chopped up elements, transmitting them
and reassembling them, naturally carries with it something of
an impairment in the quality of the overall transmission.
Experienced telegraphers have characterized TDS transmission as
being “rough but readable". With the machines in proper syn-
chronism, and with moderate amounts of line noise, there is no
difficulty in copying the riessage correctly. Tests were made
therefore to see whether limiting telegraph transmission was
reached sooner with the TDS equipment inserted than without the
TDS equipment, The limit of transmission was found by adding
thermal noise to the line. Thermal noise has a practically
uniform frequency spectrum and 1s similar to the type of noise
which ig produced by amplifiers when turned up to theilr maximum
gain.

With the TDS omitted from the circuit, the nolse was
increased until the amount could be found which caused skilled
telegraphers to make 850 per cent errors even when sending each

word twice. This 1s a fairly critical reference point, since

reduction of the noise by & db frowm this value permits the signals

to be received almost without error and an increase of the noise
by about 3 db from this value blots out the transmission almost
entirely. After the noilse causing 950 per cent errors without
the TDS was deternined, the TDS was inserted and it was found
that transnission was impossible. The noise was therefore re-

duced until the amount of noise was fouund which again gave 50

- - e ew - B - -
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per cent errors with double sending. With a 33 millisecond TDS
element in the Model B TDS this reduction in the tolerable noise
was about 6.5 db, and this 6.5 db is one measure of the impair-
ment to transmission caused by the Model B TDS. A similar, but
less thorough, test aloung the same lines was made with the devel-
oprent model (D-150285). The impairment found in this case was
about 3 db. Combining the results of the tests with the two
models it 1s concluded that the effect of TDS equipment is %o
cause the telegraph transmission limit for noise of the thermal
type to be reached with about 5 db less noise than 1s the case
without TDS. This means that to maintain the same range in the
presence of noigse of this type the signal strength would need *o
be 1increased by 5 db.

The same test with a 48 millisecond element in the
Model B TDS gave a somewhat larger impairment, about 8 db, but
with the 22 millisecond elewent in the lModel B TDS the impair-
ment was smasller, on the order of 3.5 db. From the point of view
of overall manual telegraph transmission, therefore, a shoft DS
element is to be preferred to a long TDS element.

Brief tests were made with the development model
(D-150285 TDS) in order to determine whether telegraphy could be
carried on under more adverse conditions than telephony. In
this case, also, therial nolse was introduced into the receiving
TS element and increased until the transimission limit had been
reached for telegraph signals., Leaving the noise at this limit-
ing value, speecn was attempted through the system btut it was

discovered that even when the talker shouted, the listener was

RN AT
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not aware that talking was going on. The noise had to be re-
duced at least 8 db before parts of a telephone conversation
could be understood, and substantially moxre before the entire
conversation was intelligible., Other types of noise, such as
ignition and static, might modify this result because of their
different reactions on the start-stop mechanism. However, in
the case of thermal noise an appreciable margin for telegraph
signals over speech is indicated.

Telegraphh tests were made with the laboratory model in
which the coummmtator brush of the receiving TDS unit was dis-
placed by various amounts relative to the commutator brush of
the tronemitting unit. Snalli displacements were easily noticed
by the resulting roughening Of the tone. This was caused by
the inseftion of small bits of marking signal into spaces and
by corresponding interruptiouns of marking signal in the dots and
dashes. As a matter of judgment it was agreed that, with a 33
millisecond TDS time element, synchronism errors of 10 per ceut
of a TDS time element, or 3 milliseconds, seriously impaired the
quality of transmission; and that with 15 per cent lack of syn-
chrenism; or 5 milliseconds, the quality was extremely poor. It
was found, however, tuat with aural reception this apparently
large impairment could be overcome by practice. In this respect,
the aural reception of telegraph signals resembles the reception
of speech. Tests with spsech, when the comautators were also
about 15 per cent out of synchronism, showed that while the num-
ber of articulation errors was increased and the quality was bad

it was still possible to talk if effort were used. Tor both
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telegraph and telephone, however, lack of synchronism of more
than about 5 per cent of a TDS element should be avoided. With
a 37.5 millisecond eclement this means that the synchronism
should be kept to within 2 milliseconds at the two ends.

2,4 lMachine Sending

Tests of machine telegraph sending with the laboratory
model have indicated that readable, but not letter perfect,
results can be obtained, but that transmission may be unsatis-
factory unless special precautions are taken. The principél
source of trouble to be guarded against appeared to be cyclic
reductions in amplitude of the marking signal caused by inper-
fections in the magnetic tape, but care had also to be taken to
avoid faulty operation from the switching and tape nocises.

Preliminary tests indicate that these difficulties
can be reduced by careful line-up and adjustument of the tele-
graph receiving equipment, and by tixe use of a detector with a
strong limitiung action to smootn out thae lnequalities in trans-
mission of tie marking pulses. Anotlier plan which has been
tested briefly, and witih favorable results, uses two toue
telegraphy, oue f{requency for marking and tne other Tor spacing,
with special relay and Tiltering arrangements to minimize detri-
mental. effects of level chaages and otaer disturbances. Since,
when care was used, it was possible to obtain reasonably good
copy with the laboratory nodel of TDS, further refinement of this

result by two tone or other methods did not seen justifiable
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until the final machines, including their start-stop synchron-
izing arrangements, are available for test.

No privacy tests have been made with machine sending,
but if the same methods were used to ascertain the TDS codes
from the scrambled signals as are used at present with hand-
sending, there is no reason ﬁo believe that privacy for machine
seng ing would differ materially from that for hand-sending.
This, however, suould not be taken for granted and should be
tested with the D-150285 TDS if further developument work on

machine sending is carried out.

3. TDS Models Tested

The TDS equipment developed for the Army and Navy has

been coded as the Western Electric D-150285 TDS Equipment and
for convenience will be referred to by its code number. The
Arny and the Navy models differ only in minor respects having to
do with the input ipedance arrangements for the telephone sets.
This equipnent is a device with a 20 element cormmutator and nine

pickup coils, arranged to provide independent coding of the odd

and even cormutator segments. The fundamental TDS tirnle element
is 37.5 milliseconds, giving an overall delay of .75 second.
The input circuit of this device is provided with a jack connec-
tion for a telegraph key and a switch wihich when thrown permits
the transmission for telegraph purposes of an internal tone

which was built into tie equipment for motor speed control

- - Lo BRT N -
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purposes. The frequency of this tone is 720 cycles per second.
The D-~150285 equipment maintains synchronism by transmission

of a 200u cycle ©per second start-stop pulse once per revolu-
tion of the commutator.

Most of the testing has been done with a laboratory
model which was built as a successzor to the 5 element model
originally devzloped under the first N.D.R.C. contract on this
subject. This second model, used in the present project, is
referred to as lModel B. . It has a 14 element commutator and 13
nickup coils. There are seven code switches so arranged as to
scramble the first seven commutator elements as a permutation
of 7 digits, and at the sane time to scrawmble the second
seven colamutator elenents into that particular permutation of
7 digits which decodes the permutation used with tie first
seven commutator segments. It may therefore be called a code
plus converse style of TDSL based on a 7 eleinent code. The two
units of Model B TDS are mounted on a sipgle relay rack and
are driven by a single notor with positive wechanical coupling
between the units. By changing pulleys in tiie drive, the
speed and hence the DS tine elements can be varied.

It is the opinion of most engineers who have listened

both to the D-150285 TDS and the Model B TDS that the two de-

vices are generally comparable as to quality of reproduction of

- OCRWE .
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speech, and as to background noise (except for the absence of

synchroniging tone in Model B). The D-150285 TDS equipment

differs from the llodel B TDS, however, in the greater complexity

of its codes.

The action of the Model B TDS machine on a hand-sent
telegraph signal is 1llustrated by the oscillograms shown in
Pigs. 4A and 4B. This contalns the word "Paris," sent at about
20 words per minute. The top string in eacih record shows tue
signal which was sent. The middle strihg shows the signal
scrambled according to the code 2473165. The bottom string
shows the restored signal. The time scale is glven by the
vertical lines; the stroungest lines are 50 nilliseconds apart,
the medium lines are 10 miiliseoonds apart and the finest
divisions represent one millisecond. Since the 33 millisecond
TDS interval was used in this record, the restored signal has
been delayed about 470 milliseconds {(closer figures are 335.4
and 468 milliseconds, respectively).

The particuler pattern into whicihi the signal has
been scrambled depends, of course, on how the signal hap-
pened to line up with the TDS cycle, and would, in general,
be different for each sending of the same word. In this case
the second dash of P has been split into several ragged dots;
the letter A has become dot-dot-dash-dot and mignt be read as

F, etc.
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4, Privacy Tests with Hand Sending

4,1 Direct Listening

Using the Model B TDS, experienced telegraphers
attempted transmission through only one of the units; that is,
they attempted to read the message when listening to the scrambled
si:nals, A variety of codes were tried, ranging from some with
relatively few displacements of the scrambled elements up to codes
having a hiegh degree of scrambling. In no case was it found pos-~
sible to read the message correctly even when single words were
repeated as many as five times, The opinion was expressed that the
scrambled signals gave the impression of telegraph signals even
though scrambled, but suggested the wrong characters to the tele-
grapher,

4.2 Recordings of Scrambled Telegraph Signals

Four phonograph records were made of samples of scrambled
telegraph signals in the course of this project, These are listed
on an attached table. These records have been used by engineers
working on Project C-43 in order to study the privacy of the
telegraph scramble. It is proposed to leave these recordings,
including the master records, in the files of C-43,

4,21 Privacy of Telegraph Compared with Speech -
D?lsozgs TDS

Phonograph records were made both of samples of
speech and of samples of telegraph, using the D~150285 TDS, These

were analyzed by the personnel engaged on Project G-43,

- AR XA
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The methods which were used to ascertain the TDS
codes from these samples of scrambled speech and telegraph sig-
nals need not be described here, since reference may be made to
the reports of Project C-43, It is sufficient to state that

certain preliminsry work resulted in an oscillographic type of

film ready to be cut up and reassembled in the correct crder. In

the data given below the times are given in minutes for this

process of reassembling the films correctly. The time taken for

the preliminary processes is not given, It should be noted,

therefore, that percentage comparisons between the various aver-

ages are of little value since each figure should he increased

by the number of minutes corresponding to this preliminary work.
The detailed results for this comparison of solving

times for speech and telegraph are ziven in the following table,

The individual results for each sample, as obtained by each of
two persons, are given in order to illustrate the variation
from sample to sample. This variation is of such a magnitude
that no importance need be given to the fact that the samples
of speech were solved more quickly, by 1.0 minute, than the
samples of telegraph. If sample No, 6 of speech, which stands
out for the quickness of its solution, is omitted, the averages
are exactly the same for speech and telegraph. Likewise, while
some speech samples were solved in less time than any telegraph

sample, the difference in the ranges of times 1is slight when
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SCR:MBLED SPEECH AND TZLEGRAPH SIGNALS

- COMPARISON OF SOLVING TIMES IN MINUTES
D-150285 TDS

Speech Telegraph
Solving Times Solving Times
Sample DFH CEML Sample DFH OBl
1 19 21 1 20 10
2 20 11 2 17 17
3 18 12 3 15 12
4 20 21 4 19 13
5) 14 7 5) 19 15
6 6 8 6 19 18
7 15 13
8 12 14
9 18 17
Averages 16,1 13,3 17.1 14,3
Grand Averages 14,7 15,7

speech sample No. 6 is omitted, Recalling also that the actual
solving times are greater by theprocessing time, which is the same
in elther case, the conclusion from these tests is that with
the present methods there is no material difference in the

privacy of speech and telegraph through TDS.
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4.22 Verietior of Privacy with TDS Time Elements
and Hemd-Sending Speeds -~ Bodel B 'TDS

Using Model B TDS, three phonograph records
were mede with a totel of 45 semples of scrambled hand-sent
telegraph signals. These were so arranged as to yield 15
samples with each of three TDS time elements: 22 milliseconds,
33 milliseconds and 48 milliseconds. They were also arranged
to yield i5 samples of each of three sending speeds, slow,
medivm and fast. The sending speeds naturally varied somewhat
about the awverages, which tuwrned ~ubt by measurement tc be 15,
19 end 23 words per minute. A different code was used with
each of the specimens. 7Twe telezraph operaters took part in
the tests, dividing the sending almost equally. As each Lele-
grapher sent, the cther telegrapher listened at the output of
was being recorded was sel up correctly, as evidenced by its
being properly unscrambled by the receiving urit. The texts
use@ consisted of sentences of from 10 to 15 words, so that
the samples varied in Ilength from 15 to Z0 seconds.

The solving method was the seme as that used in
the preceding tests. In this case, elso, the deta given are
the tires In minuvtes for the process of reassembling the films

correctly without the time teken for the preliminsry processes.
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The samples of scrambled signals were divided first
into two batches each having a full selection of the different
variables. Solution of one of the batches was completed before
work on the other was begun. The results obtained with the two
batches were compared to see whether evidences of a practice

effect were present. The results were:
Average for First Batch - 9.6 Minutes
Average for Second Batch -~ 9.7 n

The closeness of these averages indicates that the person
carrying out the work (C.,I.M.)} was well skilled in the process,
The data were therefore combined and averages were taken of

the various sub~classes to be studied., The average in each
sub-=class represents 5 samples, except in two sub-classes which
contained 4 samples each., The average results may be shown

compactly in a three~fold table:

N
SOLVING TIVNES FOR MODEL B TDS -~ MINUTES

Telegraph Sending TDS Time Elements - WMilliseconds

Speeds 48 35 22 Averages
Slow 7.2 8.8 16.8 10.9
Me&ium 7.8 8,4 9.0 8.4
Fast 12,3 6,0 11.7 8.4
Averages 8.9 7.7 12,6 9.7
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The effect of the length of the TDS element on the
solving times is shown by the averages at the bottom of the
table, It will be noted that the solving times are not much
different for the 48 and the 33 millisecond elements while
for the 22 millisecond element the solving times are about 4
minutes greater., However, considering that the preliminary
processing time has not been included in the figures given,
this 4 minute difference is of less importance than would ap-
pear on a percentagewise basis., Furthermore it is the opinion
of the engineers working on project C-43% that the greater
solving time was not so much & characteristic of the TDS as
it was a result of certain conditions in the equipment used.
These are being modified in later models, In other words,
there appears to be no reason to conclude that modification
of the fundament&al design of the TDS machines to a shorter
time element would result in materially greater protection to
the scrambled messeages,

The effects of different telegraph speeds may be

compared by examining the averages in the last column., It

will be seen that the average times for the medium and fast

sending were identical, while froem 2 to 3 minutes more were

. -
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required to solve the slow sending., This may possibly be a
result of the fact that in the process of the solution the
same number of TDS cycles was used from each sample, so that
with slow sending there was somewhat less material to work
with, inasmuch as there were fewer dots and dashes present on
the record than with fast sending. However, when the sub-
divisions of the data are examined 1t would appear that the
added time wes associated almost entirely with the 22 milli-
second TDS element and that for the average TDS element there
was very little difference as between the sending speeds at
the slow and medium rates. In any case, however, the differ-~
ences among the sending speeds appear to be so small when the
preliminary time is allowed for as not to be of material con-

cern.

It is of some interest that the average solving time
for the Model B TDS, using the 33 millisecond TDS interval,
was 7,7 minutes, while for the D-~150285 TDS, having a compar-
able time element, the average time, for the same person, weas
14.% minutes., This presumably reflects the greater complica-
tion of the 20 element, widely dispersed, interlaced codes of
the D~150285 TDS equipment, as compared with the simpler code

plus converse based on permutations of 7, used in the Model B

TDS.
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4,283 Variation of Privacy With Inversion Nurbers -

Model B TDS

In a TDS code which is a permutation of successive
i numbers, the degree ol scrambling may be characterized by the
"inversion nunber™, This is a measure or the number of simple
interchenges of adjacent elements which is regquired to rearrange
' the elements in their corrscit order. For example consider the
code 2134567, In this code the only scranble is an interchange
of the digits 1 and 2, It therefore has an inversion nunmber of

I+ Such a code naturally would be of little value Tor privacy

purposes., A more nixed-up code is 4271365, This may be re-
turned to its correct order by interchanging neighboring digits
in @ operations. It therefore has an inversion nuwiber of 9.

WVith a code based on permutations of 7 numbers the
maxinum inversion number is 2L, It may be shown that a code and
its converse, o. decoding permutation, have the same inversion
numbers, It nay also be shown that if the reverse code, 7654321,
is applied to any scramble, the resulting scramble will have an
inversion nunber equal to the maxirum minus the original in-
version nunber, Thus a very high inversion number can be made i
very low by using the reverse code, so that inversion numbers

around the average rey practically be more safe than very high

ones., The average in the present case is 10,5,

In the test described in the previous section, the

- AMBANE Y.

samples oI sclrambled telegraph signals vere given equal numbers

of codes having inversion numbers of 9, 10, 11, 12 and 13.
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While this is not a very wide range of inversion numbers, it is
of sorre interest to examine their effect on the times required

to recassenble the TDS patterns. This is shown in the following
table.

SOLVING TIMES FOr TDS - MNINUTES

Inversion o, Average Tine
9 8.4
10 8.1
11 10,4
1% 11.1
13 10,0

It will be seen irom these data that, while the
variation in solving tine is relatively snall and 3rregu1ar,
there is some indication that more time is needed for the higher
than for the lower inversion nuﬁbers. The differences, however,
are so slight as to be of little practical importance.

4,3 Transient From Reyed Telegraph Tone

In the tests described in Sections 4.22 and 4,23 an
oscillator was used which gave a negligible treansient when keyed
by a telegranh key. Some preliminary tests were also made with
an oscillator built to simulate a 3ignal Corps telegraph
oscillator. This gave noticeable transients both at the
beginning and the end of a telegranh mark, This is a character-
istic which it is understood that many telegraphers prefer,

The opinion has been expressed that under difficult noise con-
ditions the building-up and dyving out at the end of each mark

provide helpful clues in reading a message.
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I'rom the point of view of privacy, however, these
transients are undesirable, Transients provide information which
differentiates the ends of the telegraph marks from the cuts
caused by the switching of the TDS equipment, This information
can be turned to account both in the preliminery work of nmarking
of'f the TDS time intervals on the oscillographic traces and in
reassenbling the rilms in their correct order, A comparison of
the two types of signals is given in Pig, 5.

The transients from the internal tone used for tele-
graph in the D-1H0285 TDS were so slight as not to be a factor in

the solution of the codes,

5. Privacy of MMachine Sending

As dlscussed rore fully elsewhere, transmission which
is fairly satisfactory, though not letter perfect, can be secured
with machine sending through TDS, provided that the telegraph
receiving equiprment is carefully lined up to minimize the
detrimental efTects of transmission variations through the TDS
equipnent.,

The kinds of scrambled signals produced by lodel B
are illustrated on Fig, 9. The results with teletypewriter at
60 viords per ninute are shown in two forms: the Jjumbled output
of the typing machine and also as an ink trace taken by a
Boehmne receiver, The scrambled results with Boehme sending at
150 words per minute are shown in the lowest tape, In both cases

the original text was “The quick brown fox Jjumped over the lazy

- Ty gy, - Sgc b 1s
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dog's ‘back 1234567890 BTL sending". Privacy tests tc determine
solving times have not been made with machine sending, but are

recornended vhen the D-150285 TDS equipment hecomes availlable.

6. Quality Tests Uith Hand-Sending

6.1 Judgment of Skilled Operators

Experienced telegranh operators were asked to give
their opinions with resmect to the quality of the restored
telegraph signals. These opinions have been sumnied up in the
statement that the tone was “rough but readable., On the basis
of the RSTscale, used by the American Radio Relay League, the
opinion was given that the tone through liodel B would rate about
4 to 5 as to "readability"™ on a scale of 5, and about 4 on a
scale of 9 as to "tone"™ (the item of "strength" was adjustable),

The reasons for opinions of this sort may be seen
on the oscillograms shovn in Figs. 4 and 5, which were taken
with liodel B, The middle trace shows that the different piclup
coils of this device are not uniform in their efficiency in the
sending machine and it nay be stated that there is a similar
variation in the receiving machine, lagnetic tapes are not uni-
forrm and cyclic variations occur from the end joint in the tape
and Trom the clamving arrangements. Some of these variations
cause noise; others afiect the strength of transmission, Some
background noise is also contributed by the tape and by the
action of the brush in moving from segment to segment of the

commutater in the process of switching.,

i
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It was pointed out in the discussion that relative
Gisplacenents of more than a few per cent of a comrutator segment
between the transmitting and receiving corrmtator brushes gave an
impression of very poor transmission. The reason for this is
illustrated in Fig. 6., Tor these oscillograms the brush of the
receiving cormwutator was set so as to lag behind the brush of
the transmitting corrwmutator by about 15 per cent of a segment or
nearly 5 nilliseconds. The elements missing from the telegraph
marks and the corresponding added short spurts of tone nay be
seen in the picture of the lowest string, showing the restored
signal. These added bits of tone, while only a few nilliseconds
in duration, appear to be prominent enough to suggest to the
telegrapher the presence of a dot.

6.2 Dffects of Thermal Noise on Telegraph - D-150285 TDS

The circuit used 'to study the limiting effects of
thermal noise on telegraph transmission, using the D-150285 TDS
equipnent, 1s shown schemetically in Fig: 1., As rentioned in
the discussion, the procedure adopted for this purpose was to
introduce thermal noise between the transmitting and receiving
TDS units and to increase this thermal noise until a substantial
number of errors was made even winen each word was sent twice.

The two telegraph operators who took part in these
tests alternately transmitted and received. The test material
consisted of lists of 30 Inglish words selected at randon from

printed matter, omitting proper nanes and articles. Tach word
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was sent twice before going on to the next word, as is frequent-
ly done under difficult circumstances., In the data below, and
in the next section, the first sending of each word has been
scored separately from the second sending. As night be expected,
there are materially fewer errors in the second sending; sinilar
final conclusions are drawn from each sending, however,

The thermal noise and the signal strength were measured
with standard volume indicators, or with other measuring devices
having essentially similar dynamic characteristics. The measure-
ments have been reduced to "VU"; this is a db scale on which
1 milliwatt of steady testing power dissinated in 600 olms gives
a reading of zero. Since the noise measurerent is a function
of band width, attention is directed to the fact that the noise
covered a frequency range from about 250 to 5000 cycles per
second, The signal was adjustable to a convenient level, so
that the controlling fector was the nargin between the noise and
the signal, This margin has been shown as a noise-to-signal
ratio in db, nositive numbers denoting a noise measurement
greater than the signal measurenent,

TRANSLISSION LiMITS IN ToRS 0F THWRMNAL NOISE

D-150285 TDS

Per Cent Errors

Test Operators Hoise to First Second
No. Sending Receiving Noise Signal Signal Sending Sending
Vi Vg ab
1 HSW BCT +3.5 -1,0 4,5 85.3 80,0
2 ECT sw +3,0 ~0.,5 9.9 85.3 53,3
3 HsW ECT +35,5 -1.0 4,5 83,93 53,9
4 £CT HsSW +3,95 +0.,5 5.0 87,7 43,3
Averages +3.4 ~-0.5 3.9 84,2 57.5
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The results of this test with the D-150285 TDS
are shown on the adjacent table. Tour tests were nade, vith
reasonable agreenent arong them. Since 57.5 per cent errors
were made with the second sending at an average noise-~to-~
signal ratio of 3.9 db, it seems reasonable to conclude that
the Y0 per cent error point would have been reached at a
noise~to-signal ratio of about 3.5 db. This may he compared
with the value of 6.6 db obtained without the TDS, shown in
the table in the next section, which indicates that the
D-150285 TDS caused an impairment to transmission of approrxi-

mately 6.8-3.0

1t

5.1 db., That is, with thermal noise, the
limits of rmnual telegraph transmission with the D-150285
TDS are reached under noise conditicns about 3 db less
severe than without the TDS., Or, to maintain the sane
range in the presence of Lthermal noise the signal strength
should be increased about 3 db, A similar test with Lodel
B is described in the next section, in which for a
comparable TDS time element the impairment was found to be
about 6.5 db,

It has already been mentioned in Section 2.3
that with the D-150285 model an apjyreciable margin was
found fTor telegramh signals over speech in the case of

thernal noise,
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6,3 Variation of Quality with TDS Time Elements and
Hand-Sending Speeds ~ Model B TDS

In the experiments on telegraph gquality carried out
with the Model B TDS, it was possible to study the effect on
transmission of varying the length of the TDS time elements,
These tests, which have been summarized in Section 2.3, were
carried out with the circuit arrangement shown schematically
in Figs, 2. This is similar to the arrangement used with
the D-150285 TDS, with the exception that an external oscil-
lator was used as the source of telegraph tone. The testing
material and the riethod used, slow double sending, were the
same as in the preceding section,

The results of these tests; averaged for the two
operators, are given in Fig. 7, The upper diagram shows the
data for first sending, the lower for second sending. When
first sending and second sending results are compared it
will be found that the curves are nearly parallel and shifted

from 1 to 2 db along the noise~to~signal axis. The steepness
of the curves is characteristic of telegraphy; with a given
signal strength a change in the thermal noise of 5 or 6 db is

enough to take the data from substantially no errors to 100

per cent errors,

An evaluation of the effect of variation in the time
elements of the TDS on transmission is obtailned by comparing
the noise-to-signal ratios for some selected value of errors.

In the following table the 50 per cent point was chosen,

RS S
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WOISE LIMITS WITH AND WITHOUT TDS
VARIOUS TDS TIME ELZMENTS
Noise to Signal Ratio Displacenent From
at 50 Per cent Error - db Reference Circuit ~ db '
Circuit Flrst Second First Second
Condition Sending Sending Sending Sending Average

No TDS +545 +6, 6 - - -
TDS~-22ms Element +2,0 +2,8 3¢5 3.8 3¢6
TDS-33ns Element 1,2 +0. 2 a7 Bed 6.5
TDS-48ms Elenent 243 =l,2 7.8 7.8 7.8

It will be seen from this table that the insertion
of the TDS had, with each value of time element, an adverse l
effect on the transmission of the signals since 50 per cent
errors were made with less noise when the TDS was used than ?
when it was omitted. The awmounts of the impairments varied, ‘
With the average length of TDS element 6,5 db less noise could
be tolerated than with the reference circuit, With the 48
millisecond element the difference was about 8 db and with
the 22 millisecond element the difference was about 3.5 dbs
These results are shown graphically on Fig. 8. The tests in-
dicate that from the point of view of transmission quality
a short TDS tine element 1s better than a long TDS time

element, It should be pointed out at the same time, how~

ever, that shortening the TDS element increases the diffi-

culty of maintaining exact synchronism and no recommendation

- A

is made that the basic element of the TDS be changed,
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Brief tests on a similar basis were also made with
the TDS receiving commutator brush arranged to lag behind
the transnitting commutator brush by about 15 per cent of
one segnent. As pointed out above, this gave the impression
of very poor transmission when no noise was present. These
tests were made to evaluate this difference in terms of the
1limit of transmission with thermal noise, The tests were
made with a 33 nillisecond TDS time element. The result
was unexpected, since the impairments derived exactly as in
the preceding case were, i1f anything, less with the devices
out of synchronism than when correctly adjusted, This is
shown by the following values for noise to signal ratio
giving 50 per cent errors:

First Sending Second Sending

TDS in synchronissh - 1,2 + 0.2

TDS out by 15 per cent - 1.2 + 1.5
With the machine out of synchronism an average impairment
of 5.9 db is obtained, as compared with a value of 6.5 db
for the correctly adjusted device, The explanation for this
curious result is that the operators, in earlier judguent
tests, had become interested in the odd and broken impression
given by the lack of synchronism and had practiced to the
point of overcoming it. It can be definitely stated that
when first given the out-of-synchronism condition they had

found that copying a message was difflcult even in the absence
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of noise., It may be concluded that some lack of synchronism
can be tolerated if compensating effort is used, but it should
be avoided as far as possible so as not to require this ad-
ditional skill,

7. Guality Tests with Machine Sending - Model B TDS3

Tests were made with machine sending using both Bell
System start-stop teletypewriters and Boehme equipment, The
teletypewriter operated at a standard speed of approximately
60 words per mninute, The Boehme equipment, which transmits
the continental Morse code, was operated at 50, 100, 150 and

200 words per minute.

L 4

The testing arrangements are shown schematically on
Mg, 3, In this case the machine sending and receiving equip=~
ment was located at 180 Varick Ste., which required trunking
to and from 4863 West St., a distance of about 0,7 niles, to
pick up the TDS, Transmission in most of the tests was
carried out with a single tone, usually of 1785 cycles per
second, though some tests were made with a frequency of
1105 cycles per second. Some two-tone tests were also made,
in which a tone of 2125 cycles per second was used for
marking and a tone of 2975 cycles per second was used for

spacing.
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With the Model B TDS, the frequency used within
the band from about 400 to 3000 cycles makes no particular
difference., A word of caution is in order, however, concern-
ing the application of external tones to the D-150285 TDS.
Because of the filtering arrangements which must accompany
the 2000 cycle start-stop synchronizing tone of the latter,
tones of frequencies within the band from about 1750 to
2250 cycles per second will suffer considerable amounts of
attenuation, It is doubtful, for exanple, whether the 1785
cycle tone mentioned above, would be found satisfactory with
the D~150285 TDS.,

The action of the Model B TDS in scrambling tele-
typewriter and Boehne transmission is illustrateu in Fig. 9,
to which reference has already been made in section BH.

The precautions needed in lining-up the telegraph
receiving equipment for single-~tone telegraphy consist in
principle of striking a balance between two kinds of disturb-
ing efrfects arising in the TDS. One affects the marking
signal and originates in imperfections of the magnetic
tape and inequalities in transmission among the various pick
up c¢oilse These cause variations in the received strength
of the marking signal. If the telegraph receiving equipment

is made relatively insensitive, the final recording relay of

P
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the Boehrie will tend to react as to a space during the low
phases of the nmarking signal, and the selectors of the tele~
typewriter will tend to pick out wrong characters. Such an
adjustment will give a relatively “clean" space but at the

cost of gome errors Irom a varying level of the marking signal.
The other kind of disturbance occurs during the spacing inter-
vals, and originates in the clicks which also arise from im-
perfections in the magnetic tape, and to some extent from the
switching actions in the TDS. If the telegraph receiving equip-
ment is made so seitsitive that a relatively "clean™ mark is
received some of these clicks are likely to be recorded as
marking signals.

The best adjustment with liodel B TDS appeared to be
one in which the dips in steady marking signal as produced by
the Boehme recorder were not greatly different Ifrom the peaks
in a steady spacing signal. However, there appeared to be
less tolerance to variations in the marking signal than to
variations in spacing, so that the best adjustments were
generally on the side of getting a clean marking signal,

The effects of various adjustments in single tone
telegraphy are illustrated in rfigs. 10 to 14 inclusive. In
igs 10 the effects of two different pcor adjustuents on

teletypewriter signals are shown, and in Fig. 11 are given the
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results with a balanced adjustment. In the tov half of Fig. 10
the effect of concentrating on a relatively clean spacing
signul is shown. The cyclic imperfections of the TD3 avpear
as nrominent dins in the steady marking tone, and there are
many errors in the resulting cowny.

A count of the errors with various testing conditions

is given in the accomvanying table:

TRRORS IN MACEINT TRAMSIITISSION
Model B TDS

mrrors pner Sentence

Teletynewriter Boehme
Condition 60 WeD Ms 150 wep.li.
_ (a) (b) (c)
Single Tone Transmission
Snacing Interval favored 20 235 20,5
Marking Signal 2 5.5 7.5 15
Balanced Ad.justnent 6.5 e 8
Volume Limiter added 1.0 1.0 5.5
Two-Tone Transmission 0.3 0.3 0.5

Tote: (a) Drrors caused by incorrect typewriter shift
counted only once 1f succeeding characters
were otherwise correct.
(b) All wrong characters counted.
{c) Counts of Boehme errors necessarily are alfected

by the ijudgment of the counter.

In the lower half of #ig. 10 the marking signal has been con-

siderably cleaned up by increasing the receiving sensitivity,
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but now the veaks of noise are prominent in the snacing signal,
The copy is conciderably better than in the upper hall, but
5till poor. In ig. 11 it wmay be seen that the outstunding
irmerfections in the marking signal and the spacing signul

have been aprroxirately balanced. In this condition the copy

in the upner half of Pig, 11 was nroduced. It represents

Lm

another step in immrovement over the resulte of the unpsr half
of Fig. 10, but is about the equivalent ol the lower halfl of
Tig. 10, There are still six or seven errorsper ling.

A sinilar set of records is shown in Figs. 12, 13
and 14 for single-tone Boehme trunsmission. .Jsigs. 10 and 14
difier only in that & rate of 50 words per ninute was used in

Piz. 13 and a rate of 150 words per minute in ¥ig. 14. The

Cy

test sentence used with the Boehme 1is also "The quick brown

@

fox, ete.” It willi be noticed, on studying the characters,
that the nutilations are in general sufficiently separated
that & correct reading could be made of a plain text message in

which context would clear up ambiguities. Numerals, however,

and encirhered mnessages wuight be subject to misinterpretation,

As the table indicates, while the balanced adjustment 4id

not aporecia»ly immrove the teletvpauritsr rerrformance,

there was a distinet imnroveuent in the hieh-spesd Boehne.
Records of a further experimental sten toward im-

rvreving the performance wvith machine transnission are shown

at the bottom of Pigs. 11, 13 and 14. To aaxe these records

the alternate receiviag circuit shown in Fig. & was usad,
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This included a current aunplitude limiter, which further tended to
smooth out the transiission variations in the marking signal.
The records, as compared with thoseobtained with the best ad-
iustments without the limiter, are evidently cleaner and this
is verified by the error counts shown in the table.

The very brief tests which were made using two-tone
telegraphy, one tone ror marking and the other for spacing,
gave encoura@ing results., The error counts shown in the table
represent 5 errors in 18 sentences with teletypewriter, and one
error in 2 sentences with Boehme at 150 words per minute. A
saaple of the Boehme at 150 words per minute is given in Fig.
15.

7ith engineering attention given to the problem, the
irdications are that machine telegraph transinission can be
successfully apnlied to TDS. It has not appeared desirable to
pursue these refinements further with the laboratory mnodel,
however, since the D-150285 equipment is likely to have some-
what different characteristics and variations in factory pro-
ducts need to be considered, ‘!nen the D-150283 devices become
available, and if there is an interest in the application of
machine telegraph to TDS, the development may be continued along
fairly well indicated lines.

8. %Lecord 0l Tests

All of the tests from which results have been quoted
above were carried out by members of the Bell Telephorne

Laboratories, Inc., at 463 Yest Street and 180 Varick S3treet,
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New York City. The detailed measurements are recorded in

B.T.L. Laboratory Motebooks Nos, T-5534 and T~58353,

Report prepared by: C. ¥W. Carter

Official Investigator: R, G., McCurdy

Att.

List of ™honograph Records
List of Figures

Figs., 1 to 15 incl.

Bell Telephone Laboratories, Inc.
463 West Street
New York, N. Y,
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NDRC PROJTZCT C-55
PHOITOGRATE RTCORDS OF TILIGRAPE SIGNALS

The recordings listed below were made on instantaneous

recording disks. They are vertically cut at 5%.3 r.p.im., from

the inside out., Ir revnroduced by a Yo, 74 reproducer they

probably will be good for 25 nlayings, if by a No. 94 repro-

ducer, about 15 playingse

1. Scrambled

o,
VO,

No.

V0.

o,

n
1104

Mo,

No.

6137 (Original) -~ 15 samples from D150285 TDS
61338 dubbed from No., 6137

6259 (Original) - 15 saaples from lodel B TD3S, 48
millisecond timne elements

6263 dubhed fron No, 6259

6260 (Original) - 15 samples from Model B TDS, 33
nillisecond time elements

6264 dubbed from o, 6260

6261 (Original) - 15 sanples from lodel B TD3, 22
millisecond time elements

6265 dubbed from No. 8261

2« Restored

Yo.

6262 (Original) -~ Restored signals from “lodel B TD3,
4 samples each with 22, 43 and 48
millisecond time elements; also 3
samples withh no TDS

P T
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